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This thesis presents new intelligent-based techniques for 
sizing and output prediction in grid-connected photovoltaic 
(GCPV) system. Initially, two intuitive-based sizing algorithms 
for GCPV system design, termed as Conventional Sizing 
Algorithm (CSA), were developed based on two design 
goals. The design goal 1 (DG1) was formulated with the 
aim to design a system based on a specific solar electricity 
requirement while the design goal 2 (DG2) dealt with the 
sizing of the system such that maximum solar electricity can 
be generated using the available roof space. In addition, 
each CSA incorporated both technical and economic 
sizing procedures to provide comprehensive design using 
a pre-selected set of photovoltaic (PV) module and 
inverter. It was found that the maximum solar electricity 
requirement from CSA with DG1 was actually capped 
to the maximum solar electricity that can be generated 
from CSA with DG2. Apart from that, a novel Iterative 
Sizing Algorithm (ISA) was also developed to present an 
iterative approach towards sizing process when there 
were numerous sets of PV module and inverter need to be 
considered. At this stage, a database of PV module and 
a database of inverter were developed to form possible 
sizing solutions. It was discovered that the ISA based on 
DG2 had produced more feasible solutions compared to 
the ISA based on DG1 because DG2 was only limited to the 
available roof space whereas DG1 was limited to both the 
solar electricity requirement and the available roof space. 
Later, a new intelligent-based sizing algorithm for single 
objective functions, known as Evolutionary Programming-
based Sizing Algorithm (EPSA) was developed using Meta-
Evolutionary Programming (Meta-EP). In addition, a Non-
Linear Step Size Scaling Factor (NLSS) was also presented 
to improve the performance of EPSA. It was found that the 
Meta-EP without NLSS had yielded better optimal solutions 
compared to other EP models for every design case being 
presented despite producing worse optimal solutions 
compared to ISA. After the incorporation of NLSS in each 
EP model, the optimality of the solutions produced by each 
EP model had been improved. Nevertheless, only Meta-EP 
with NLSS had successfully produced similar optimal solution 
suggested in ISA for each design case. Next, using Meta-EP 
with NLSS, new intelligent-based sizing algorithms based on 
two objective functions had been presented, namely the 
Weighted Sum Method-based Sizing Algorithm (WSMSA) 
and the Multi-Objective Evolutionary Programming-
based Sizing (MOEPSA). Based on six bi-objective design 
cases being investigated, MOEPSA had outperformed 
WSMSA in producing more Pareto optimal solutions and 
better approximation of the Pareto front. Besides that, a 
new intelligent technique was also presented to predict 
the energy output from GCPV systems. At this stage, a 
classical Multi-Layer Feedforward Neural Network (MLFNN) 
was developed using systematic training, testing and 
validation procedures. The results showed that the MLFNN 
performed better than Linear Regression (LR) in predicting 
the output of the systems. Finally, a novel Hybrid Multi-Layer 
Feedforward Neural Network (HMLFNN) using Meta-EP with 
NLSS was developed to improve the classical MLFNN. The 
results showed that the HMLFNN model had shown better 
prediction performance when compared to the classical 
MLFNN and HMLFNN using selected optimization methods.
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This thesis presents a research work on a diagnosis system 
for heart sound based on nonlinear ARX (NARX) model. 
The system uses neural network for model estimation and 
classification of several heart diseases. Six NARX models 
which represent Normal and other five categories 
of heart diseases such as Atrial Septal Defect (ASD), 
Pulmonary Stenosis (PS), Patent Ductus Arteriosus (PDA), 
Ventricular Septal Defect (VSD) and Mitral Regurgitation 
(MR) are estimated. A Lipschitz method and Levenberg 
Marquardt algorithm is used to determine the model 
order number and train the network respectively. The 
R-square value of the OSA prediction of the signal is 
above 99% for all heart sound signals. The best network 
architecture for modeling the heart sounds is 2-4-1. As for 
classification, the features are extracted and selected 
from the modeled signals and their distinctive patterns 
are used as inputs to the classifier. To make the system 
more robust, the background SNR ranging from 3dB to 
20dB is injected to the modeled signal. The Resilient 
Backpropagation (RPROP) algorithm is used to train the 
network. The optimized learning parameter used is 0.07 
and the network has best performance when hidden 
neurons equal to 220. The architecture of the network 
is32-220-6. The accuracy of the network when validated 
with the diagnostic test is found to be above 97% which 
suggests that the network performs well and is doing 
as ‘gold standard’. The classification result is further 
improved to 100% when overall testing is performed. 
This result has surpassed the result of heart sound 
classification based on linear model. The accuracy of 
the linear approach to analyse certain heart diseases 
varies from 88.5 to 91.6%. The nonlinear approach has 
successfully estimated the sounds from the heart such 
that the heart diseases are classified accordingly.
